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ETHERNET-BASED IMAGE
TRANSMITTING/RECEIVING SYSTEM

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2011-0134461, filed on Dec. 14, 2011, 1n the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to an Ethernet-based image transmitting/
receiving system.

2. Description of the Related Art

FI1G. 15 1s a block diagram of a related art image transmut-
ting/receiving system 1.

In the FI1G. 15, the related art image transmitting/recerving,
system 1 uses seral digital interface (SDI) transmission tech-
nology.

An mmage transmitting device 2 transforms an electrical
analog signal obtained by an 1image sensor 11 into a parallel
signal including a luminance (Y) signal and a chrominance
(C) signal by using an 1mage signal processor 12, and trans-
torms the parallel signal into a serial signal by using an
encoder 13. When the encoder 13 1s a high definition (HD)-
SDI encoder, the encoder 13 may transiorm the parallel signal
into a single-bit serial signal according to an HD-SDI stan-
dard. The serial signal undergoes a scrambling process for
removing a direct current (DC) component by using a scram-
bler 14, and 1s transmitted to a coaxial cable 4, which 1s a
serial line, via a driver 15 for matching with cable impedance
of the coaxial cable 4.

An 1mage recerving device 3 compensates for a high-ire-
quency loss of the serial signal recetved from the coaxial
cable 4 by using an equalizer (EQ) 16, performs a descram-
bling process on a resultant serial signal by using a descram-
bler 17, and transforms the serial signal into a parallel signal
by using a decoder 18. At this time, the decoder 18 may
perform the signal transformation according to the HD-SDI
standard corresponding to an encoder standard of the 1mage
transmitting device 2. The parallel signal may undergo digital
signal processing by using a control unit 19, and then, may be
digitally compressed, recorded, or transmitted via a network.

SUMMARY

One or more exemplary embodiments provide an image
transmitting/receiving system capable of accomplishing
long-distance transmission of a high-definition (HD) digital
image signal at a low cost.

According to an aspect of an exemplary embodiment, there
1s provided an Ethernet-based image transmitting device
including: a signal processing unit configured to transform an
analog 1image signal received from an image sensor nto a
digital signal comprising a luminance signal and a chromi-
nance signal; a control unit configured to multiplex the lumi-
nance signal and the chrominance signal to generate a multi-
plexed signal having synchromization information; a medium
access control (MAC) module configured to generate a packet
including at least one multiplexed signal including the mul-
tiplexed signal; and a physical (PHY ) module configured to
transmit the packet in an Ethernet transmission format via an
Ethernet cable.
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The control unit may include: a multiplexing unit config-
ured to multiplex the luminance signal and the chrominance
signal; and a first memory configured to temporarily store the
multiplexed signal. The temporarily-stored multiplexed sig-
nal may be output by the MAC module 1n synchronization
with a transmission clock signal of the PHY module.

The Ethernet-based image transmitting device may further

include a compression unit configured to compress the lumi-
nance signal and the chrominance signal 1f a bandwidth of the
multiplexed signal exceeds an Ethernet transmission band-
width according to an image resolution. The control unit may
be configured to generate the multiplexed signal 1n a unitof a
line, and insert the synchronization information 1n a line of
the multiplexed signal.

The MAC module may insert a line number of the multi-

plexed signal into the packet.

Image resolution information may be mserted into the mul-
tiplexed signal or the packet.

The control unit may further include a second memory
configured to temporarily store a control signal received 1n
synchronization with the transmission clock signal of the
PHY module via the Ethernet cable and then output the con-
trol signal 1n synchronization with an internal clock signal.
The Ethernet cable may be an unshielded twisted pair
(UTP) cable or an optical fiber cable.

According to an aspect of another exemplary embodiment,
there 1s provided an Ethernet-based image receiving device
including: a physical (PHY) module configured to receive a
packet comprising at least one multiplexed signal which has
synchronization information and 1s obtained by multiplexing
a digital signal comprising a luminance signal and a chromi-
nance signal, via an Ethernet cable; a medium access control
(MAC) module configured to extract the multiplexed signal
from the packet; and a control unit configured to separate the
luminance signal and the chrominance signal from the mul-
tiplexed signal, store the luminance signal and the chromi-
nance signal, and output the luminance signal and the chromi-
nance signal by synchromizing lines with each other based on
the synchronization information.

The control unitmay include: a third memory configured to
temporarily store the multiplexed signal received 1n synchro-
nization with a reception clock signal of the PHY module and
then output the multiplexed signal 1n synchronization with an
internal clock signal; a demultiplexing unit configured to
demultiplexed the multiplexed signal into the luminance sig-
nal and the chrominance signal; a frame memory configured
to store the luminance signal and the chrominance signal in
units of lines; and a synchronization signal generation unit
configured to generate a vertical synchronization signal and a
horizontal synchromization signal based on the synchroniza-
tion information so that the luminance signal and the chromai-
nance signal stored 1n the frame memory are output by syn-
chronizing lines with each other.

The demultiplexing unit may separate a control signal from
the multiplexed signal.

The frame memory may store the luminance signal and the
chrominance signal 1n a corresponding line region based on a
line number included in the packet.

The control unit may further include a fourth memory
which temporarily stores a control signal recerved from an
external source and outputs the control signal 1n synchroni-
zation with the reception clock signal.

The Ethernet-based 1mage receiving device may further
include a restoration unit which performs decompression
when the luminance signal and the chrominance signal are
compressed signals.




US 9,106,786 B2

3

The Ethernet cable may be a UTP cable or an optical fiber
cable.

According to an aspect of still another exemplary embodi-
ment, there 1s provided an Ethernet-based image transmitting/
receiving system including: a digital image transmitting,
device configured to transform an analog image signal
received from an 1image sensor into a digital signal including,
a luminance signal and a chrominance signal, multiplex the
luminance signal and the chrominance signal to generate a
multiplexed signal having synchronization information, and
generate and transmit a packet including at least one multi-
plexed signal; a digital image receiving device configured to
receive the packet, extracts the multiplexed signal from the
packet, separate the luminance signal and the chrominance
signal from the multiplexed signal, store the luminance signal
and the chrominance signal, and output the luminance signal
and the chrominance signal by synchronizing lines with each
other based on the synchronization information; and an Eth-
ernet cable configured to connect the digital image transmit-
ting device to the digital image receiving device and transmit
the packet.

The 1mage transmitting device may be configured to tem-
porarily store the multiplexed signal and then output the
multiplexed signal in synchronization with a transmission
clock signal of a packet transmission module. The 1mage
receiving device may be configured to temporarily store the
multiplexed signal received in synchronization with a recep-
tion clock signal of a packetreception module and then output
the multiplexed signal in synchronization with an internal
clock signal, and store the luminance signal and the chromi-
nance signal separated from the multiplexed signal, 1n units of
lines, and then output the luminance signal and the chromi-
nance signal by synchronizing lines with each other based on
the synchronization information.

The 1mage transmitting device may include a compression
unit which compresses the luminance signal and the chromi-
nance signal when a bandwidth of the multiplexed signal
exceeds an Ethernet transmission bandwidth according to an
image resolution. The image receiving device may include a
restoration unit which decompresses the compressed lumi-
nance signal and the compressed chrominance signal that are
output by synchronizing lines with each other based on the
synchronization information.

The 1mage transmitting device may insert a line number of
the multiplexed signal into the packet, and the digital image
receiving device may store the luminance signal and the
chrominance signal 1n a frame memory, based on the line
number.

The Ethernet cable may be a UTP cable or an optical fiber
cable.

According to the exemplary embodiments, long-distance

transmission of an HD digital image signal may be accom-
plished at a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects will become more apparent by
describing 1n detail exemplary embodiments with reference
to the attached drawings. 1n which:

FIG. 1 1s a block diagram of an Ethernet-based image
transmitting/receiving system according to an exemplary
embodiment;

FIG. 2 1s a block diagram of an Ethernet-based image
transmitting device according to an exemplary embodiment;

FIG. 3 1s a block diagram of an Ethernet-based image
receiving device according to an exemplary embodiment;
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FIGS. 4A and 4B 1llustrate a digital Y signal and a digital C
signal according to exemplary embodiments;

FIG. 5 illustrates a code standard of the digital Y and C
signals of FIGS. 4A and 4B;

FIGS. 6 A and 6B illustrate formats of a multiplexed signal
according to exemplary embodiments;

FIG. 6C illustrates a timing standard of a multiplexed sig-
nal according to an exemplary embodiment;

FIGS. 7A through 7D illustrate structures of packets
according to exemplary embodiments;

FIG. 8 1s a flowchart of a packet generating method accord-
ing to an exemplary embodiment;

FIG. 9 1s a block diagram of a control unit of an 1mage
transmitting device, according to an exemplary embodiment;

FIG. 10 1s a block diagram of a control unit of an 1image
receiving device, according to an exemplary embodiment;

FIG. 11 1s a flowchart of a method of transmitting an 1mage
in an Ethernet-based digital image transmitting device,
according to an exemplary embodiment;

FIG. 12 1s a flowchart of a method of recerving and pro-
cessing an1mage in an Ethernet-based digital image receiving
device, according to an exemplary embodiment;

FIG. 13 1s a block diagram of an Ethernet-based image
transmitting/recerving system according to another exem-
plary embodiment;

FIG. 14 1s a block diagram of a image data transmitting
device according to another exemplary embodiment; and

FIG. 15 15 a block diagram of a related art image transmit-
ting/receiving system.

L1

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Heremafiter, exemplary embodiments will be described
more fully with reference to the accompanying drawings.
Expressions such as “at least one of,” when preceding a list of
clements, modily the entire list of elements and do not modity
the individual elements of the list.

A high-definition serial digital interface (HD-SDI) trans-
mission system transforms a parallel image signal (e.g.,aY/C
signal) and a parallel audio signal into single-bit serial signals
according to an HD-SDI standard and transmits the single-bit
serial signals. In this case, since a frequency band starts from
a low Ifrequency and reaches about 1.5 Ghz, an expensive
coaxial cable that 1s excellent in high-frequency attenuation is
used. Accordingly, installation of the expensive coaxial cable
may be difficult, for example, the installation 1s atfected by a
cable being bent or squashed, the cost for the installation may
become expensive, and further, information may be transmit-
ted only 1n one direction.

In contrast, a system for transmitting digital image/audio
information and a control signal 1n parallel needs a plurality
of signal lines that connect a transmitting device to areceiving
device.

An 1mage transmitting/receiving system and an image
transmitting/recerving method according to exemplary
embodiments of the present inventive concept are capable of
accomplishing long-distance transmission of an 1image signal
at low costs by using an unshielded twisted pair (UTP) cable,
which 1s a low-priced standard Ethernet cable that 1s stmple
and widely used.

In addition, an image transmitting/recerving system and an
image transmitting/recerving method according to the exem-
plary embodiments are capable of effectively reducing signal
loss 1n poor radio environments by using an optical fiber cable
as an Fthernet cable, and of accomplishing long-distance
transmission ol a large-capacity image signal.
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FIG. 1 1s a block diagram of an Ethernet-based image
transmitting/recerving system 10 according to an exemplary
embodiment.

The Ethernet-based image transmitting/receiving system
10 applies standard Ethernet transmission technology to
transmit a digital 1image signal. To transmit a digital image
signal, a transmission side multiplexes an 1mage signal,
which 1s a consecutive parallel digital signals, to transform
the 1mage signal into a packet type, and a reception side
receives the image signal 1n units of packets. However, since
Ethernet transmits data in an asynchronous manner, there is a
difference between a transmission clock and a reception clock
ol the transmission side and the reception side that are con-
nected to each other. Accordingly, clock synchronization
occurs within a single packet, while jitter exists between
packets. Accordingly, the Ethernet-based image transmitting/
receiving system 10 according to the current exemplary
embodiment stabilizes signal transmission by producing a
stable reference line synchronization signal according to a
composition of a picture and securing synchronization in
units of 1image lines.

Referring to FIG. 1, the Ethernet-based 1mage transmit-
ting/receiving system 10 includes an i1mage transmitting,
device 20, an 1image receiving device 30, and an Ethernet
cable 40 through which data are transmitted and recerved
between the image transmitting device 20 and the image
receiving device 30.

The 1mage transmitting device 20 may transform a
received analog image signal into a digital signal including a
digital luminance signal and a digital chrominance signal,
may multiplex the digital luminance signal and the digital
chrominance signal to generate a multiplexed signal, may
generate a packet including at least one multiplexed signal,
may transform the packet into an Ethernet transmission for-
mat, and may transmit the packet 1n an Ethernet transmission
format via the Ethernet cable 40. The multiplexed signal may
have synchronization information.

The 1mage recerving device 30 may recerve the packet via
the Ethernet cable 40, may extract the multiplexed signal
from the packet, and may separate the digital luminance sig-
nal and the digital chrominance signal from the multiplexed
signal. The 1mage receiving device 30 may store the digital
luminance signal and the digital chrominance signal, and
then, may output the digital luminance signal and the digital
chrominance signal by synchronizing lines with each other
based on the synchronization information.

The Ethernet cable 40 1s an unshielded twisted pair (UTP)
cable or an optical fiber cable, instead of an expensive coaxial
cable, as a transmission medium. The Ethernet cable 40 sup-
ports a half duplex mode, or a full duplex mode in which
bi-directional communication 1s possible. The 1000BASE-T
or 10 GBASE-T PHY technology used 1n standard Ethernet
transmission 1s applied to the UTP cable. The 1000BASE-T
or 10 GBASE-T PHY technology 1s a technology standard
associated with a next-generation physical layer that supports
a transmission speed of 1 Gbps or 10 Gbps up to a maximum
of 100 m by using a copper line. The 1000BASE-T PHY
technology may stably transmit data ata speed ofup to 1 Gbps
at low costs, and the 10 GBASE-T PHY technology may
stably transmuit data at a speed of up to 10 Gbps at low costs,
by using a UTP cable. Examples of the UTP cable include
UTP Cat5, UTP Cat6, UTP Cat6A, and the like.

The optical fiber cable loses very little energy, and thus,
provides a low loss rate of data to be transmitted and recerved,
and 1s seldom affected by external interferences. Thus, the
optical fiber cable enables an 1mage signal to be stably trans-
mitted at a minimum loss.
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FIG. 2 1s a block diagram of an Ethernet-based image
transmitting device 20 according to an exemplary embodi-
ment.

Examples of the image transmitting device 20 may include
various digital image processing apparatuses, such as a moni-
toring camera and a robot which perform digital image pro-
cessing. The image transmitting device 20 includes an image
sensor 21, an image signal processor (ISP) 22, a compression
unit 23, a control unit 24, a medium access control (MAC)
module 25 and a physical (PHY) module 26.

The image sensor 21 1s a photoelectric transformation unit
including an 1imaging device such as a charge-coupled device
(CCD) or a complementary metal-oxide-semiconductor
(CMOS). The image sensor 21 transforms light recerved from
an optical umit into an electrical analog signal.

The ISP 22 transiorms the electrical analog signal obtained
by the 1mage sensor 21 into a parallel digital image signal
including a luminance signal (hereinafter, referred to asa’Y
signal) and a chrominance signal (hereinafter, referred to as a
C signal). The digital Y signal and the digital C signal have
synchronization information. The ISP 22 may receive a con-
trol signal from the control unit 24 and process the control
signal. The control signal may control an 1mage signal.

The compression unit 23 compresses the digital Y signal
and the digital C signal, when a bandwidth of a multiplexed
signal exceeds an Ethernet transmission bandwidth according,
to an 1mage resolution.

When the amount of data of an 1image signal to be trans-
mitted according to an image resolution exceeds a maximum
transmission capacity of an Ethernet, the compression unit 23
compresses the 1image signal to accomplish FEthernet trans-
mission. In other words, the compression unit 23 may be used
or may not be used, according to an 1image resolution, namely,
the number of pixels of the image sensor 21. For example, in
(igabit Ethernet having a maximum transmission capacity of
1 Gbits/s, when the amount of data of an 1mage signal to be
transmitted exceeds 1 Gbits/s, the compression unit 23 com-
presses the 1mage signal.

The compression unit 23 may compress the 1image signal
according to lossless compression or at least one of differen-
tial pulse code modulation (DPCM) compression and com-
pression based on sub-sampling ratio control. The compres-
s10n 1s simple and may minimize signal loss (1.e., not affect
the quality of an 1mage) and enable full-HD images to be
cificiently transmitted, compared to compression/coding,
such as JPEG/MPEG. DPCM compression and compression
based on sub-sampling ratio control are simple in terms of a
compressing method and may contribute to cost saving, com-
pared to lossless compression.

For example, 1n the case of SD images, 10 bits are allocated
to form a’Y signal, 10 bits are allocated to form a C signal, and
SD 1mages have a 720x480 resolution, a structure of a 30 1ps
frame rate, and a sampling frequency of 13.5 Mhz. Accord-
ingly, when an 1mage signal (1.e., aY signal and a C signal) 1s
multiplexed to 8 bits, 1t has a si1ze of 270 Mbits/s, and thus,
may be sufliciently processed in a transferable band of 1
Gbaits/s. Therefore, 1image signal compression by the com-
pression unmt 23 1s not needed.

On the other hand, 1n the case of full-HD images, 10 bits are
allocated to form a 'Y signal, 10 bits are allocated to form a C
signal, and full-HD mmages have a 1920x1080 resolution, a
structure of a 30 Ips frame rate, and a sampling frequency of
74.5 Mhz. Accordingly, when an image signal (1.e.,aY signal
and a C signal) 1s multiplexed to 8 bits, 1t has a size of 1.4
Gbaits/s, and thus, exceeds the transterable band of 1 Gbits/s.
Therefore, image signal compression by the compression unit
23 1s necessary.
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In an example of compression, the compression unit 23
may be implemented by using a lossless codec that reduces a
bandwidth of a signal to an extent that an effect of the reduc-
tion 1s not greatly recognized, to compress an 1mage signal.
Accordingly, the bandwidth of a signal which 1s to be trans-
mitted may be compressed to 12 up to .

In another example, the compression unit 23 may compress
an 1mage signal by DPCM compression in which a differen-
tial value of a’Y signal and a differential value of a C signal are
coded. Accordingly, the bandwidth of a signal which is to be
transmitted may be reduced by reducing the number of bits
allocated to form each of the Y signal and the C signal to six
(6) bits. A sub-sampling ratio of each of the Y signal and the
C signal 1s maintained as 4:2:2.

In another example, the compression unit 23 may compress
an 1mage signal by performing sub-sampling on the Y signal
and the C signal at a ratio of 4:1:1. Accordingly, the band-
width of a signal which 1s to be transmitted may be reduced by
reducing the number of bits allocated to form the C signal to
tour (4) bits while eight (8) bits are allocated to the Y signal.

In another example, the compression unit 23 may compress
an 1mage signal by performing DPCM compression and per-
forming sub-sampling on the Y signal and the C signal at a
ratio o14:1:1. Accordingly, the bandwidth of a signal which 1s
to be transmitted may be reduced by reducing the number of
bits allocated to form the Y signal to six (6) bits and reducing,
the number of bits allocated to form the C signal to three (3)
bits.

An mmage format, such as 1image resolution information
(e.g., an SD resolution, a full-HD resolution, and the like),
may be 1nserted into a multiplexed signal during multiplexing
of an 1mage signal, as described later, or into a packet during
packet generation.

In the case of Ethernet communication based on an optical
fiber cable, image signal transmission of 1 Gbps or more 1s
possible, and thus, the compression unit 23 may not be
included. However, when the transmission bandwidth of an
optical fiber cable is restricted according to situations, the
compression umt 23 may perform image compression
according to the maximum transmission capacity of the opti-
cal fiber cable.

The control unit 24 multiplexes the Y signal and the C
signal corresponding to one line that constitutes an 1mage
(hereinafter, referred to as an image line). The control unit 24
may also multiplex the control signal together with the image
signal including the Y signal and the C signal. The control
signal may be an audio signal recerved from an audio input
device. The multiplexed signal has synchronization informa-
tion. The control unit 24 temporarily stores the multiplexed
signal which 1s a digital signal multiplexed 1n units of 1mage
lines (hereinafter, referred to as a multiplexed signal), and
then, outputs the multiplexed signal according to a transmis-
s1on clock signal of the PHY module 26. The control unmt 24
may isert resolution information into the multiplexed signal.
The MAC module 25 1s a MAC layer module and generates a
packet including at least one multiplexed signal. The MAC
module 25 may insert a line number of the multiplexed signal
into the packet. A method in which the MAC module 25
generates the packet will be described later.

The PHY module 26 may be designed differently depend-
ing on the type of Ethernet cable 40.

When the Ethernet cable 40 1s a UTP cable, the PHY
module 26 may transform a packet generated at the MAC
module into a Ethernet standard signal having an Ethernet
transmission format according to a Ethernet protocol, and
transmit the Ethernet standard signal via the UTP cable (for

example, a CatSe Cable). For example, when 1000BASE-T
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PHY technology for transmitting a 4-Dimensional 5-level
Pulse Amplitude Modulation (4D 5-PAM) signal at 125
Mbaud 1n both directions simultaneously by using four (4)
pairs of UTP lines 1s used, the PHY module 26 transforms
packet information, namely, an 8-bit multiplexed signal syn-
chronized with a 125 MHz clock, mto a 4D 5-PAM signal at
125 Mbaud by using a 4D Trellis-Coded Modulation (TCM)
technique. The PHY module 26 may transmit data at 1 Gbps
in a full duplex mode via the Ethernet cable 40 implemented
by four (4) pairs of UTP lines.

When the Ethernet cable 40 1s an optical fiber cable, the
PHY module 26 transforms the packet recerved from the
MAC module 25 into an optical signal without signal modu-
lation and transmits the optical signal via the Ethernet cable
40 according to the Ethernet protocol. The PHY module 26
may transmit data in a half duplex mode during long-distance
communication and may transmit data 1n a full duplex mode
during short-distance communication. To this end, the PHY
module 26 may include a switch capable of selecting an
optical fiber cable for the half duplex mode or an optical fiber
cable for the full duplex mode.

The ISP 22, the control unit 24, the MAC module 25, and
the PHY module 26 may perform both a transformation for
Ethernet-based signal transmission and an inverse transior-
mation of a signal recerved via Ethernet. Accordingly, the
image transmitting device 20 may inversely transform the
audio signal and the control signal received from the image
receiving device 30 via the PHY module 26, the MAC module
235, and the control unit 24. Linear distortion caused by ire-
quency loss of copper lines, an echo signal returning from a
hybrid circuit, a near-end cross talk (NEXT) due to a short-
distance transmission signal, and a far-end cross talk due to a
long-distance transmission signal may be added to the control
signal received via the Ethernet cable 40. Accordingly, an
inversely transformed control signal, which 1s a result of the
inverse transformation, may be processed by, for example, an
equalizer, a NEX'T remover, and an echo remover. Settings
and operations of the 1image transmitting device 20 may be
controlled by the inversely transformed control signal. FI1G. 3
1s a block diagram of an Ethernet-based image receiving
device 30 according to an exemplary embodiment. Examples
of the 1mage receiving device 30 may include a digital video
recorder (DVR), a network video recorder (NVR), a image
display device, a image switching device, and a computer,
which are widely used as a closed-circuit TV (CCTV) system.
The image recerving device 30 includes a PHY module 31, a
MAC module 32, a control unit 33, and a restoration unit 34.

The PHY module 31 transforms a signal recerved in an
Ethernet transmission format via the Ethernet cable 40 1nto a
preset packet. The PHY module 31 transforms a received
signal 1nto a packet according to a process mverse to the
process of transforming a packet into an Ethernet transmis-
s1on format 1n the PHY module 26 of the image transmitting,
device 20. The packet includes at least one multiplexed signal
that has synchronization information and 1s obtained by mul-
tiplexing a digital signal including a luminance signal and a
chrominance signal.

The PHY module 31 may be designed differently depend-
ing on the type of Ethernet cable 40.

When the Ethernet cable 40 1s a UTP cable, the PHY
module 31 may transform a signal recerved via the UTP cable
into a packet type. When the Ethernet cable 40 1s an optical
fiber cable, the PHY module 31 may transform an optical
signal recerved via the optical fiber cable 1into a packet type.

The MAC module 32 1s a MAC layer module that extracts
the multiplexed signal from the packet. The multiplexed sig-
nal includes an 1mage signal (1.e., a'’Y signal and a C signal)
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and a control signal. The control signal may include an audio
signal. The MAC module 32 may perform an error inspection
on the recerved packet and recover an error of the packet or
discard the packet having an error.

The control unit 33 may separate the Y signal, the C signal,
and the control signal by demultiplexing the multiplexed
signal, store the'Y signal and the C signal 1n a frame memory
(not shown), and output the Y signal and the C signal syn-
chronously based on the synchromization information of the
multiplexed signal.

The restoration umt 34 decompresses the image signal (1.¢.,
theY signal and the C signal) and the control signal, and may
be included or used as occasion demands. When the image
signal and the control signal are compressed signals (for
example, signals compressed by lossless compression,
DPCM compression, and/or compression based on sub-sam-
pling ratio control), the restoration unit 34 may decompress
the 1mage signal and the control signal.

The PHY module 31, the MAC module 32, and the control
unit 33 may perform both an inverse transformation of a
signal received via Ethernet and a transformation for Ether-
net-based signal transmission. Accordingly, the image rece1v-
ing device 30 may transform an audio signal and a control
signal to be transmitted to the image transmitting device 20
via the control unit 33, the MAC module 32, and the PHY
module 31. The image receiving device 30 may remotely
control settings and operations of the 1mage transmitting
device 20 according to the audio signal and/or the control
signal.

Linear distortion caused by frequency loss of copper lines,
an echo signal returning from a hybrid circuit, and a NEXT
due to a short-distance transmission signal, and a far-end
cross talk due to a long-distance transmission signal may be
added to the image signal and the audio signal received via the
Ethernet cable 40. Accordingly, the image receiving device
30 may process a transformed 1image signal and a transformed
audio signal, which are results of the transformation, by
using, for example, an equalizer, a NEXT remover, and an
echo remover.

Although not illustrated in FIG. 3, the image receiving
device 30 may further include a network communication unit,
a multiplexer (MUX) & codec, and a storage that are con-
trolled by a special control unit. The 1mage receiving device
30 may digitally compress the image signal and the audio
signal via the MUX & codec, store digitally-compressed
image and audio signals, and reproduce the digitally-com-
pressed image and audio signals. The image receiving device
30 may also transmit and receive the image and audio signals

to and from an external terminal via the network communi-
cation unit.

FIGS. 4A and 4B 1llustrate a digital Y signal and a digital C
signal according to an exemplary embodiment.

Referring to FIG. 4A, a'Y signal digitized to a predeter-
mined number of bits 1s divided 1nto a start of active video
(SAV), aY signal (active Y), an end of active video (EAV),
and a blanking section (blank video). FIG. 2A illustrates a’Y
signal digitized to 10 bits.

Referring to FIG. 4B, a C signal digitized to a predeter-
mined number of bits 1s divided into an SAV, a C signal (active
Cr/Cb), an EAV, and a blank video. FIG. 2B illustrates a C
signal digitized to 10 bits.

Referring to FIGS. 4A and 4B, each of the digital Y signal
and the digital C signal includes an SAV and an EAV, which
are digital picture synchronization signals, as synchroniza-
tion information, at horizontal start and end positions, respec-
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tively. The SAV 1s a code indicating a start of horizontal
synchronization, and the EAV 1s a code indicating an end of
horizontal synchronization.

FIG. 5 illustrates a code standard of the digital Y and C
signals of FIGS. 4A and 4B. Referring to FIGS. 4A, 4B, and
5, each ol the SAV and the EAV includes four (4) words, three
(3) words 3FF, 000 and 000 from among the four words are
fixed preambles, and a fourth word XY Z includes status bits
of F, V, and H, which represent horizontal synchronization,
vertical synchromzation, and field/frame information, to rep-
resent information about a current image signal.

The status bit F 1s field information. When an 1image display
mode 1s a progressive mode, the status bit F 1s 0. When an
image display mode 1s an interlaced mode and the status bit F
1s 0, it represents an even field. When an image display mode

1s an interlaced mode and the status bit F 1s 1, it represents an
odd field.

The status bit V represents a vertical blanking section,
namely, a field/frame blanking section. When the status bitV
1s O, 1t represents an active section (1.e., a multiplexed signal
section). When the status bit V 1s 1, 1t represents a vertical
blanking section.

The status bit H represents a horizontal blanking section,
namely, a line blanking section. When the status bit H1s 0O, 1t
represents an active section (1.e., a multiplexed signal sec-
tion). When the status bit H 1s 1, 1t represents a horizontal
blanking section.

Values PO, P1, P2, and P3 of protection bits are determined
according to the values of the status bits F, V, and H.

FIGS. 6 A and 6B 1llustrate formats of multiplexed signals
according to an exemplary embodiment. The formats of the
multiplexed signal are each divided mnto an SAV, a multi-
plexed signal (active Y/Cr/Cb), an EAV, and a blank video.
FIGS. 6A and 6B illustrate multiplexed signals obtained by
multiplexing a 10-b1tY signal and a 10-bit C signal into eight
(8) bits. When the Y signal and the C signal are compressed,
multiplexing bits may be changed. Similar to the Y signal and
the C signal, the multiplexed signal includes an SAV and an
EAV, which are digital video synchronization signals, at a
start position and an end position, respectively, of each hori-
zontal line (1.e., each image line). The SAV indicates a start of
horizontal synchronization, and the EAV 1ndicates an end of
horizontal synchronization. Referring to FIG. 6B, an image
line number LN may be inserted behind an EAV 1n the mul-
tiplexed signal.

The code standard of FI1G. 5 may be used as code standards
of the multiplexed signals of FIGS. 6 A and 6B.

FIG. 6C 1llustrates a timing standard of a multiplexed si1g-
nal according to an exemplary embodiment. Through a bit
allocation history of a fourth word of each of an SAV and an
EAV, 1t 1s possible to represent each location of the timing
standard defined 1 FIG. 6C, and thus, a spatial layout of
fields/frames may be expressed. Ancillary data may include
an audio signal and a control signal, except for an 1image
signal. Although FIG. 6C illustrates an example 1n which an
image line number LN 1s inserted, the image line number LN
may be omaitted.

Referring to FIG. 6C, status bits F of all lines 1n a progres-
sive mode are 0, a status bit F of an even field line 1n an
interlaced mode 1s 0, and a status bit F of an odd field line in
the interlaced mode1s 1. A status bit Hrepeats 0 and 1 for each
line, a status bit V of each line of the multiplexed signal 1s 1,
and status bits V of a blanking section and an ancillary data
section are O.

FIGS. 7A through 7D illustrate structures of packets
according to an exemplary embodiment.
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FIGS. 7A and 7B illustrate structures of packets each
including a single multiplexed signal. Referring to FIG. 7A,
the MAC module 25 may include a single piece of image line
information in one packet by inserting a single multiplexed
signal into a data region of the packet. A header and a trailer
are 1nserted 1n front of and at the rear of the multiplexed
signal, respectively. The header may represent a preamble, a
start of frame delimiter (SFD), a destination address, a source
address, an upper layer protocol type, and the like. The trailer
may represent, for example, a frame check sequence (FCS)
for error detection of a frame. Information inserted 1nto a
header and a trailer that constitute a packet according to the
exemplary embodiment 1s not particularly limited. For
example, mformation other than the aforementioned infor-
mation may be further included 1n the header and the trailer.
When a transmitting device and a receiving device are con-
nected to each other via a single cable 1n a one-to-one corre-
spondence, the header may not include the destination
address and the source address.

The packet of FIG. 7B 1s the same as that of F1G. 7A except
that an 1mage line number LN 1s 1nserted 1nto the packet, so a
repeated description thereof 1s omitted. Referring to FI1G. 7B,
the MAC module 25 may insert a single multiplexed signal
into a data region of a packet and insert an 1image line number
LN at the end of the multiplexed signal.

FIGS. 7C and 7D illustrate structures of packets each
including a plurality of multiplexed signals. Referring to FIG.
7C, the MAC module 25 may include a plurality of pieces of
image line information in one packet by inserting a plurality
of multiplexed signals 1into a data region of the packet. The
number of multiplexed signals included in a packet may be
determined according to a size (1.e., a data amount) of a
multiplexed signal and a transmission band of a transmission
medium. A header and a trailer are inserted 1n front of and at
the rear of the multiplexed signal, respectively. The header
may represent a preamble, an SFD, a destination address, a
source address, an upper layer protocol type, the number of
multiplexed signals included, and the like. The trailer may
represent, for example, an FCS for error detection of a frame.
Information inserted into a header and a trailer that constitute
a packet according to the exemplary embodiment 1s not par-
ticularly limited. For example, information other than the
alforementioned mnformation may be further included 1n the
header and the trailer. When a transmitting device 1s con-
nected to a recerving device via a single cable 1n a one-to-one
correspondence, the header may not include the destination
address and the source address.

The packet of FIG. 7D 1s the same as that of FIG. 7C except
that an 1mage line number LN 1s 1nserted 1nto the packet, so a
repeated description thereol 1s omitted. Referring to FIG. 7D,
the MAC module 25 may insert a plurality of multiplexed
signals 1nto a data region of the packet and insert the 1mage
line number LN at the end of each of the multiplexed signals.

FIG. 8 1s a flowchart of a packet generating method per-
formed 1n the 1image transmitting device 20, according to an
exemplary embodiment.

Referring to FIG. 8, the MAC module 25 of the image
transmitting device 20 determines whether an SAV code 1s
detected from a received multiplexed signal, in operation
S401. When the SAV code 1s detected, packet generation
starts, 1n operation S402.

In operation S403, the MAC module 25 determines
whether the received multiplexed signal 1s a new frame, by
monitoring a change in frames. The MAC module 25 may
determine whether the received multiplexed signal 1s a new
frame, based on synchronization information of the multi-
plexed signal.
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When 1nsertion of an image line number 1s set, the MAC
module 25 mitiates the image line number 11 1t 1s determined
in operation S403 that the recerved multiplexed signal 15 a
new frame, 1n operation S404, and increases the image line
number 1f 1t 15 determined 1n operation S403 that the received
multiplexed signal 1s not a new frame, 1n operation S405.

The MAC module 25 determines whether an EAV code 1s

detected from the recerved multiplexed signal, 1n operation
S406. It the FAV code 1s detected, the MAC module 25
completes the packet generation by generating a header and a
trailer, each having necessary information, 1n front of and at
the rear of the multiplexed signal, respectively. When 1nser-
tion of an i1mage line number 1s set, 1 the EAV code 1s
detected, the MAC module 25 1nserts the 1mage line number
behind the EAV code, 1n operation S407, and completes the
packet generation by generating a header and a trailer, each
having necessary information, in front of and at the rear of the
multiplexed signal, respectively.

When the MAC module 25 wants to generate a packet
including a predetermined number of multiplexed signals,
operations S405 through S407 may be repeated on subse-
quent multiplexed signals.

FIG. 9 1s a block diagram of a control unit 200 of an 1mage
transmitting device, according to an exemplary embodiment.

The control unit 200 may function as the control unit 24 of
the 1image transmitting device 20 of FIGS. 1 and 2 according
to software and/or hardware structures. Referring to F1G. 9,
the control unit 200 may include a first transmission control
unmit 210 and a first reception control unit 260.

The first transmission control unit 210 recerves a digital
image signal including aY signal and a C signal, and an audio
signal AUX_Tx obtained by an audio mput device (1.e., an
audio signal or a control signal received together with an
image signal), and outputs the digital image signal and the
audio signal AUX_Tx to the MAC module 25. The digital
image signal (1.e., the Y signal and the C signal) may be a
signal compressed to conform to a transmission band of a
transmission medium. The audio signal AUX_Tx may be a
signal compressed by adaptive DPCM (ADPCM). The first
transmission control unit 210 may include a multiplexing unit
220 and a first memory 230.

The multiplexing unit 220 multiplexes the digital 1mage
signal (1.¢., the Y signal and the C signal) and the audio signal
AUX_Tx according to a pixel clock signal Pixel CLK to
generate a multiplexed signal, and outputs the multiplexed
signal to the first memory 230. The multiplexing may be
performed 1n units of 1image lines. The multiplexed signal
output by the multiplexing unit 220 includes synchronization
information. The multiplexing unit 220 may further include
image resolution information (for example, information rep-
resenting an SD resolution, an HD resolution, a full-HD reso-
lution, and the like) 1n addition to the synchronization infor-
mation, in the multiplexed signal. The multiplexing unit 220
outputs (records) the multiplexed signal to (in) the first
memory 230 in synchronization with an internal system clock
signal SYS_CLK, which 1s an 1mage signal clock.

The first memory 230 temporarily stores the multiplexed
signal 1n synchronization with the internal system clock sig-
nal SYS_CLK. The first memory 230 may be a first input first
output (FIFO) memory.

The MAC module 25 receives a transmission clock signal
PHY CLK from the PHY module 26, and reads the multi-
plexed signal from the first memory 230 according to the
transmission clock signal PHY_CLK to generate a packet.
The MAC module 25 may generate a packet including at least
one multiplexed signal. The MAC module 25 may include
image resolution information (for example, information rep-
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resenting an SD resolution, an HD resolution, a full-HD reso-
lution, and the like) 1n a header or a data region of the packet.

The multiplexed signal is stored 1n the first memory 230 in
synchronization with the internal system clock signal
SYS_CLK. In other words, the multiplexed signal 1s not
synchronized with the MAC module 25 and the PHY module
26, which are based on Ethernet. Accordingly, the MAC
module 25 reads the multiplexed signal from the first memory
230 1n synchronization with the transmission clock signal
PHY _CLK. The multiplexed signal 1s inserted into an Ether-
net packet in the MAC module 25 and transmitted to the PHY
module 26.

The first reception control unit 260 may receive a control
signal from the 1mage receiving device 30 via the PHY mod-
ule 26 and the MAC module 25 and output the control signal.
The first reception control unit 260 may include a second
memory 270 and a host central processing unit (CPU) 280.

The second memory 270 temporarily stores the control
signal output by the MAC module 25, 1n synchronization with
the transmission clock signal PHY_CLK. The second
memory 270 may be a FIFO memory. The control signal 1s
output from the second memory 270 1n synchronization with
the internal system clock signal SYS_CLK.

The host CPU 280 receives a vertical synchronization sig-
nal V_SYNC and a horizontal synchronization signal
H_SYNC and outputs the control signal in synchronization
with the vertical synchronization signal V_SYNC and the
horizontal synchronization signal H_SYNC. The control sig-
nal may be an audio signal AUX_Rx. The host CPU 280 may
communicate with the PHY module 26 and the MAC module
25 via a host bus.

The PHY module 26 may transmit and recetve a signal to
and from the MAC module 235 according to a gigabit media
independent interface (GMII) signal that supports the half
duplex mode and the full duplex mode and a management
data mput/output (MDIO) signal.

FI1G. 10 1s a block diagram of a control unit 300 of an 1image
receiving device, according to an exemplary embodiment.

The control unit 300 may function as the control unit 33 of
the 1mage recerving device 30 of FIGS. 1 and 3 according to
soltware and/or hardware structures. Retferring to FIG. 10, the
control unit 300 may include a second reception control unit
310 and a second transmission control unit 360.

The PHY module 31 may transmit and receive a signal to
and from the MAC module 32 according to a GMII signal that
supports the half duplex mode and the full duplex mode and
an MDIO signal.

The second reception control unit 310 may receive a mul-
tiplexed signal from the image transmitting device 20 via the
PHY module 31 and the MAC module 32 and output the
multiplexed signal. The second reception control unit 310
may 1nclude a third memory 320, a demultiplexing unit 330,

a frame memory 340, and a synchronization signal generation
unit 350.

The MAC module 32 recerves a packet from the PHY
module 31 in synchronization with a reception clock signal
PHY CLK, and extracts synchronization information, reso-
lution information, and the multiplexed signal from the
packet. When the packet includes an 1image line number, the
MAC module 32 may also extract the image line number from
the packet. The MAC module 32 transmits the multiplexed
signal (1.e., a Y/C signal and a control signal) to the third
memory 320 so that the multiplexed signal 1s stored (re-
corded) in the third memory 320 in synchronization with the
reception clock signal PHY _CLK. When the packet includes
an 1image line number, the MAC module 32 may also store the
image line number 1n the third memory 320.
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The third memory 320 temporarily stores the multiplexed
signal (1.e., a Y/C signal and a control signal) received from
the MAC module 32 in synchronization with the reception
clock signal PHY_CLK. The third memory 320 may be a
FIFO memory. The multiplexed signal 1s output from the third
memory 320 in synchronization with the internal system
clock signal SYS_CLK.

The demultiplexing unit 330 reads the multiplexed signal
from the third memory 320 1n synchromization with the inter-
nal system clock signal SYS_CLK. The demultiplexing unit
330 demultiplexes the multiplexed signal to separate the Y
signal, the C signal, and the control signal AUX_RxX 1n syn-
chronization with the pixel clock signal Pixel CLK. The
demultiplexing unit 330 outputs the control signal AUX_Rx,
namely, the audio signal AUX_Rx, to the second transmission
control unit 360 and outputs the Y signal and the C signal to
the frame memory 340. The demultiplexing unmit 330 outputs
the synchronization information and the resolution informa-
tion to the synchromzation signal generation unit 350.

The demultiplexing unit 330 may predict an 1mage line
number by counting the start of a frame and the number of
image lines based on the synchronization information. When
the recerved multiplexed signal includes an image line num-
ber, the demultiplexing unit 330 may extract the image line
number from the multiplexed signal and store (record) the Y
signal and the C si1gnal in a corresponding region of the frame
memory 340 according to the image line number.

According to the present embodiment, when no 1mage line
numbers are included in the multiplexed signal, the demulti-
plexing unit 330 counts the number of image lines. However,
the number of 1mage lines may be counted by a special
counter.

The frame memory 340 stores the Y signal and the C signal
in synchronization with a pixel clock signal Pixel CLK gen-
erated by the synchronization signal generation umt 350. The
frame memory 340 may store a plurality of image line signals
in a corresponding region. An image signal, namely, the Y
signal and the C signal, stored in the frame memory 340 1s
output in synchronization with the horizontal and vertical
synchronization signals H/'V_SYNC generated by the syn-
chronization signal generation unit 350. Accordingly, image
distortion due to jitter between packets, namely, jitter
between 1mage lines, may be effectively prevented. The
frame memory 340 may be implemented by a line memory or
a frame memory to store an image signal of at least one 1mage
line.

On the other hand, when an image line number 1s included
in the multiplexed signal, the frame memory 340 stores the
image signal (1.e., the Y signal and the C signal) in a corre-
sponding region according to the image line number. Accord-
ingly, when an 1image signal of an n-th line of a current frame
1s discarded due to 1ts loss or error, it may be replaced by an
image signal of an n-th line of a previous frame previously
stored 1n the corresponding region. In this case, when no
image line numbers are included 1n the multiplexed signal and
image signals are stored by counting or stored 1n the order 1n
which they are received, in the frame memory 340, loss or
disuse of an arbitrary image line 1s not recognized, and sub-
sequent image signals are stored 1n wrong 1mage line regions.
Thus, the quality of an 1mage may be degraded. The Y signal
and the C signal output by the frame memory 340 may be
reproduced or stored. When the Y signal and the C signal
output by the frame memory 340 are compressed signals, they
may be decompressed by the restoration unit 34 and then may
be reproduced or stored.

The synchronization signal generation unit 350 recerves
the synchronization information and the resolution informa-
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tion from the demultiplexing unit 330, generates the pixel
clock signal Pixel CLK and the horizontal and vertical syn-
chronization signals H/V_SYNC 1n synchronization with the
internal system clock signal SYS_CLK based on the synchro-
nization information and the resolution information, and out-
puts the pixel clock signal Pixel_CLK and the horizontal and
vertical synchromization signals H/'V_SYNC to the frame
memory 340. Accordingly, the image receiving device may
restore the received packet to timing information between
lines of an 1image signal that 1s an 1mage signal before trans-
mitting by the image transmitting device 20.

The second transmission control unit 360 may receive a
control signal from an external source and output the control
signal to the image transmitting device 20. The second recep-
tion control unit 360 may include a host CPU 370 and a fourth
memory 380.

The host CPU 370 receives the control signal (1.e., control
data) from an external source and outputs the control signal to

the fourth memory 380. The control signal may be an audio
signal AUX_TX. The host CPU 370 may receive an audio

signal AUX_Rx transmitted by the image transmaitting device
20 from the demultiplexing unit 330 and output the audio
signal AUX_Rx to an audio output device. The host CPU 370
may communicate with the PHY module 31 and the MAC
module 32 via a host bus.

The fourth memory 380 stores the control signal 1n syn-
chronization with the internal system clock signal
SYS_CLK. The control signal 1s output from the fourth
memory 380 to the MAC module 32 1n synchronization with
the reception clock signal PHY_ CLK. The fourth memory
380 may be a FIFO memory.

FI1G. 11 1s a tflowchart of a method of transmitting an 1image
in an Ethernet-based image transmitting device, according to
an exemplary embodiment. A repeated description of matters
described above with reference to FIGS. 1 through 10 is
omitted herein. Although the Ethernet-based image transmiut-
ting device may receive a control signal from an 1image receiv-
ing device and process the control signal, a method of receiv-
ing and processing a control signal 1s described above, so a
detailed description thereof 1s omitted herein.

Referring to FIG. 11, when the Ethernet-based image
transmitting device receives an analog 1image signal from an
image sensor 1 operation 5701, 1t transforms the analog
image signal into a parallel digital image signal including aY
signal and a C signal, in operation 5702.

In operation 5703, when a bandwidth of a multiplexed
signal exceeds an Ethernet transmission bandwidth according
to an 1mage resolution, the Ethernet-based image transmitting,
device may compress the digital Y signal and the digital C
signal. The compression 1s performed using a compression
technique having little signal loss.

In operation 5704, the Ethernet-based image transmitting,
device may multiplex the digital Y signal, the digital C signal,
and a control signal recerved from an audio mput device to
generate a multiplexed signal. The multiplexing may be per-
formed 1n units of 1mage lines. The multiplexed signal 1s
stored 1n a temporary memory, such as a FIFO memory, 1n
synchronization with a system clock signal, and then output
in synchronization with a transmission clock signal of an
Ethernet-based packet transmission module (1.e., a PHY
module).

In operation 5705, the Ethernet-based image transmitting,
device may generate a packet including the multiplexed sig-
nal. The Ethernet-based image transmitting device may gen-
erate a packet including at least one multiplexed signal and

may or may not insert an image line number 1nto the packet.
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In operation S706, the Ethernet-based image transmitting
device may transiorm the packet into an Ethernet transmis-
sion format according to an Ethernet protocol and transmit
the packet having an Ethernet transmission format via an
Ethernet cable. The Ethernet cable may be a UTP cable or an
optical fiber cable.

The Ethernet-based image transmitting device may insert
an 1mage format, such as image resolution information (e.g.,
an SD resolution, a full-HD resolution, and the like), into a
multiplexed signal during generation of the multiplexed sig-
nal or 1to a packet during generation of the packet.

FIG. 12 1s a flowchart of a method of recerving and pro-
cessing an i1mage 1n an Ethernet-based image receiving
device, according to an exemplary embodiment. A repeated

description of matters described above with reference to
FIGS. 1 through 10 1s omitted herein. Although the F

Ethernet-
based 1image recerving device may receive a control signal
from an external source and transmit the control signal to an
image transmitting device, a method of transmitting the con-

trol signal was described above, so a detailed description
thereof 1s omitted herein.

Referring to FI1G. 12, the Ethernet-based image receiving,
device may recetve a packet including at least one multi-
plexed signal that has synchronization information and 1s
obtained by multiplexing aY signal, a C signal, and a control
signal, via an Ethernet cable according to an Ethernet proto-
col, n operation S801. The FEthernet cable may be a UTP
cable or an optical fiber cable.

In operation S802, the Ethernet-based image receiving
device extracts the multiplexed signal from the packet. When
the packet includes an 1image line number, the Ethernet-based
image receiving device may also extract the image line num-
ber together with the multiplexed signal from the packet.

In operation S803, the Ethernet-based image receiving
device may demultiplex the multiplexed signal into an image
signal (1.e., the Y/C signal) and the control signal. The Ether-
net-based image recerving device may extract a synchroniza-
tion s1ignal and 1image resolution information from the packet.
The Ethernet-based image receiving device may temporarily
store the multiplexed signal received 1n synchronization with
a reception clock signal of a packet reception module (1.e., a
PHY module), and then may output the multiplexed signal 1n
synchronization with an internal system clock signal.

In operation S804, the Ethernet-based image receiving
device may store the image signal (1.e., a Y/C signal) 1n units
of image lines and output the image signal by synchronizing
the image lines with each other based on the synchromization
signal and the image resolution information. The control sig-
nal, that 1s, an audio signal, may be output via an audio output
device. The Ethernet-based image recerving device may store
the 1mage signal (i.e., a Y/C signal) 1n units of image lines
according to the extracted image line number, and may output
the 1mage signal (1.e., a Y/C signal) by synchronizing image
lines with each other by synchronizing the image signal with
a vertical synchronization signal and a horizontal synchroni-
zation signal.

The Ethernet-based 1mage receiving device may perform
decompression 1in case ol need, for example, when the 1mage
signal (1.e., aY/C signal) 1s a compressed 1mage signal.

FIG. 13 1s a block diagram of an Ethernet-based image
transmitting/receiving system according to another exem-
plary embodiment.

Referring to FIG. 13, an image transmitting device 1s
implemented by using cameras 20A, 208, 20C, and 20D, and
an 1mage recerving device 1s implemented by using a DVR
30A. The embodiment of FIG. 13 is different from that of

FIG. 1 1n that at least one camera, namely, the cameras 20A,
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20B, 20C, and 20D, 1s included and the DVR 30A 1s con-
nected to the cameras 20A, 20B, 20C, and 20D via Ethernet
cables 40A, 40B, 40C, and 40D, respectively. Although four
(4) cameras are illustrated in FIG. 13 for convenience of
explanation, the number of cameras 1s not limited to four, and
a plurality of cameras may be connected to the DVR 30A via
cables, respectively.

The camera 20A may include an 1mage sensor 21A, an ISP
22 A, a compression unit 23A, a control unit 24A, a MAC
module 25A, and a PHY module 26 A. Similarly, each of the
cameras 20B, 20C, and 20D may include an 1image sensor, an
ISP, a compression unit, a control unit, a MAC module, and a
PHY module.

The DVR 30A may include a PHY module 31A, a MAC
module 32A, a first control unit 33A, and a restoration unit
34A. The DVR 30A may further include a network commu-
nication unit 35, a MUX & codec 36, and a storage 37, which
are controlled by a second control unit 38. The DVR 30A may
digitally compress an 1image signal and an audio signal via the
MUX & codec 36, store digitally-compressed image and
audio signals 1n the storage 37, and reproduce the digitally-
compressed 1mage and audio signals. The DVR 30A may
transmit and recerve the image and audio signals to and from
an external terminal via the network communication unit 35

by wire or wirelessly.
The cameras 20A, 20B, 20C, and 20D are connected to the

DVR 30A via the Ethemet cables 40A, 40B, 40C, and 40D,
respectively. Each of the Ethernet cables 40A, 408, 40C, and
40D 1s the UTP cable, namely, four (4) pairs of Cat3e, or the
optical fiber cable.

Since structures and operations of each camera and the
DVR 30A are the same as those of the image transmitting
device 20 and the image receiving device 30 of FIGS. 1
through 12, respectively, a detailed description thereof 1s
omitted.

FI1G. 14 15 a block diagram of an image transmitting device
120 according to another exemplary embodiment.

Referring to FIG. 14, the image data transmitting device
120 may include animage sensor 121, an ISP 123, an HD-SDI
transmission module 125, and an Fthernet-based transmis-
sion/reception module 127,

The digital image data transmitting device 120 transforms
an analog 1mage signal output by the image sensor 121 1nto a
digital signal by using the ISP 123. The digital signal includes
aY signal and a C signal having synchronization information.

In an HD-SDI transmission mode, the Y signal and the C
signal are transmitted to the HD-SDI transmission module
125 and processed therein. A structure of the HD-SDI trans-
mission module 125 1s the same as that of an 1mage transmuit-
ting device 2 of FIG. 15, so a detailed description thereof 1s
omitted.

In an FEthernet-based transmission/reception mode, the Y
signal and the C signal are transmitted to the Ethernet-based
transmission/reception module 127 and processed therein. A
structure of the Ethernet-based transmission/reception mod-
ule 127 1s the same as that of the 1image transmitting devices
20, 20A to 20D of FIGS. 1 through 12, so a detailed descrip-
tion thereof 1s omitted.

The 1mage data transmitting device 120 of FIG. 14 1s
capable of transmitting/receiving an image signal via a
coaxial cable in an HD-SDI transmission mode by including
a special port, or transmitting/receiving the image signal via
an Ethernet cable in an Ethernet-based transmission/recep-
tion mode.

According to an exemplary embodiment, a stable transmis-
s1ion band 1s secured by matching between a Catde or Cat6
UTP cable or an optical fiber cable that 1s cheap due to
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standardization and a PHY module, and thus transmission
loss which 1s caused 1n an existing analog transmission
method does not occur. Since a digital signal 1s transmitted
without compression such as MPEG/JPEG, degradation of
the quality of an image does not occur, a structure of a camera
1s simple, and delay due to compression/decompression does
not occur.

Ethernet transmission 1s possible by forming a packet with
image signals having different data structures and/or different
transmission rates and matching the packet with the Giga-
PHY module. Synchronization of a transmitting side and a
receiving side may be accomplished via a FIFO memory.
Since a recerving side includes a memory corresponding to at
least one line and controls the memory by reference synchro-
nization based on an image format, packets into which an
image signal transmitted via a Giga-PHY module 1s trans-
formed 1n units of lines may be restored according to timing
information between the lines of the original 1image signal.

The aforementioned exemplary embodiments using the
UTP cable deal with a 1 Gbps Ethernet-based 1image trans-
mitting/recerving system to which 1000BASE-T PHY tech-
nology has been applied. However, the exemplary embodi-
ments are not limited to these embodiments, and may be
equally applied to an 1mage transmitting/recerving method
based on Ethernet having a transmission capacity extended to
several gigabits to several tens of gigabits per second. Accord-
ingly, when an 1image transmitting/recerving method 1s based
on Ethernet capable of transmitting several tens of gigabits
per second, an Ethernet transmission band increases, and thus
the number of {transmittable/recervable i1mage signals
increases. Therelore, image compression may be selectively
performed according to the number of transmittable/recerv-
able 1mage signals.

The present mnventive concept may be applied to monitor-
ing systems, and 1s suitable particularly to establish a moni-
toring environment in small stores where compatibility
between transmission and reception 1s not important. For
example, the inventive concept may be applied to monitoring
system kits for use in small stores in which four (4) to 16
cameras and a recorder with a monitor constitute a monitor-
ing system Kkit.

In a system according to the inventive concept, a transmit-
ting device multiplexes a digital image of an HD monitoring
camera, which outputs digital data, and a control signal, trans-
forms a multiplexed signal corresponding to a result of the
multiplexing into a packet, and transmits the packet to a UTP
cable or an optical fiber cable via a general-use PHY module
transforming the packet to electrical signal or optical signal
according to the transmitting medium. A recerving device
receives the electrical signal or optical signal via the general-
use PHY module, and transforms the electrical signal or
optical signal to the packet, and removes jitter of each packet
and corrects synchronization to restore the original image.
Accordingly, long-distance transmission/reception of an HD
digital image signal may be accomplished at a low cost.

While the inventive concept has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
inventive concept as defined by the following claims.

What 1s claimed 1s:
1. An Fthernet-based image transmitting device compris-
ng:
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a signal processing unit configured to transform an analog
image signal recerved from an 1mage sensor into a digital
signal comprising a luminance signal and a chrominance
signal;

a control unit configured to multiplex the luminance signal
and the chrominance signal to generate a multiplexed
signal having synchronization information;

a medium access control (MAC) module configured to
generate a packet including at least one multiplexed
signal including the multiplexed signal; and

a physical (PHY ) module configured to transmit the packet
in an Ethernet transmission format via an Ethernet cable,

wherein the control unit comprises:

a multiplexing unit configured to multiplex the luminance
signal and the chrominance signal; and

a first memory configured to temporarily store the multi-
plexed signal 1n synchronization with an internal clock
signal,

wherein the temporarnly-stored multiplexed signal 1s out-
put by the MAC module 1n synchronization with a trans-
mission clock signal of the PHY module.

2. The Ethernet-based image transmitting device of claim

1, tfurther comprising a compression unmit configured to com-
press the luminance signal and the chrominance signal 1f a
bandwidth of the multiplexed signal exceeds an Ethernet
transmission bandwidth according to an 1mage resolution.

3. The Ethernet-based 1mage transmitting device of claim

1, wherein the control unit 1s configured to generate the mul-
tiplexed signal 1n a unit of a line, and 1nsert the synchroniza-
tion information in a line of the multiplexed signal.

4. The FEthernet-based image transmitting device of claim

2, wherein the synchronization information is inserted in
front of and at a rear of the multiplexed signal.

5. The Ethernet-based image transmitting device of claim

1, wherein the MAC module 1s configured to insert a line
number of the multiplexed signal into the packet.

6. The Ethernet-based image transmitting device of claim

1, wherein 1image resolution information 1s inserted into the
multiplexed signal or the packet.
7. The Ethernet-based 1mage transmitting device of claim
1, wherein the control unit further comprises a second
memory configured to temporarily store a control signal
received 1n synchronization with the transmission clock sig-
nal of the PHY module via the Ethernet cable and then output
the control signal in synchronization with the internal clock
signal.
8. The Ethernet-based image transmitting device of claim
1, wherein the FEthernet cable 1s an unshielded twisted pair
(UTP) cable.

9. The Ethernet-based image transmitting device of claim
1, wherein the Ethernet cable 1s an optical fiber cable.

10. An Ethernet-based image receiving device comprising:

a physical (PHY) module configured to receive a packet
comprising at least one multiplexed signal which has
synchronization information and 1s obtained by multi-
plexing a digital signal comprising a luminance signal
and a chrominance signal, via an Ethernet cable;

a medium access control (MAC) module configured to
extract the multiplexed signal from the packet; and

a control unit configured to separate the luminance signal
and the chrominance signal from the multiplexed signal,
store the luminance signal and the chrominance signal,
and output the luminance signal and the chrominance
signal by synchronizing lines with each other based on
the synchronization information,

wherein the control unit comprises a third memory config-
ured to temporarily store the multiplexed signal recerved
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in synchronization with a reception clock signal of the
PHY module and then output the multiplexed signal 1n
synchronization with an internal clock signal.

11. The FEthernet-based image receiving device of claim
10, wherein the control unit further comprises:

a demultiplexing umt configured to demultiplex the multi-
plexed signal into the luminance signal and the chromi-
nance signal;

a frame memory configured to store the luminance signal
and the chrominance signal in units of lines; and

a synchronization signal generation unit configured to gen-
crate a vertical synchronization signal and a horizontal
synchronization signal based on the synchronization
information so that the luminance signal and the chromi-
nance signal stored in the frame memory are output by
synchronizing lines with each other.

12. The Ethernet-based 1mage receiving device of claim
11, wherein the demultiplexing unit separates a control signal
from the multiplexed signal.

13. The Ethernet-based 1mage receiving device of claim
11, wherein the frame memory 1s configured to store the
luminance signal and the chrominance signal 1n a correspond-
ing line region based on a line number included in the packet.

14. The Ethernet-based 1image receiving device of claim
10, wherein the control unit further comprises a fourth
memory configured to temporarily store a control signal
received from an external source and output the control signal
in synchronization with the reception clock signal.

15. The FEthernet-based image receiving device of claim
10, further comprising a restoration unit configured to per-
form decompression 1f the luminance signal and the chromi-
nance signal are compressed signals.

16. The Ethernet-based 1mage receiving device of claim
10, wherein the Ethernet cable 1s a UTP cable.

17. The Ethernet-based 1mage receiving device of claim
10, wherein the Ethernet cable 1s an optical fiber cable.

18. An Fthernet-based image transmitting/receiving sys-
tem comprising;:

a digital image transmitting device configured to transform

an analog 1image signal recerved from an 1mage sensor
into a digital signal including a luminance signal and a
chrominance signal, multiplex the luminance signal and
the chrominance signal to generate a multiplexed signal
having synchronization information, and generate and
transmit a packet including at least one multiplexed sig-
nal; a digital image receiwving device configured to
receive the packet, extracts the multiplexed signal from
the packet, separate the luminance signal and the
chrominance signal from the multiplexed signal, store
the luminance signal and the chrominance signal, and
output the luminance signal and the chrominance signal
by synchronizing lines with each other based on the
synchronization information; and

an Ethernet cable configured to connect the digital image
transmitting device to the digital image receiving device
and transmit the packet,

wherein the digital image transmitting device 1s configured
to temporarily store the multiplexed signal and then
output the multiplexed signal 1n synchronization with a
transmission clock signal of a packet transmission mod-
ule, and

the digital image receiving device 1s configured to tempo-
rarily store the multiplexed signal recerved in synchro-
nization with a reception clock signal of a packet recep-
tion module and then output the multiplexed signal in
synchronization with an internal clock signal, and store
the luminance signal and the chrominance signal sepa-
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rated from the multiplexed signal, in units of lines, and
then output the luminance signal and the chrominance
signal by synchronizing lines with each other based on
the synchronization information.
19. The Ethernet-based image transmitting/recerving sys-
tem of claim 18, wherein:
the digital image transmitting device comprises a compres-
ston umt configured to compress the luminance signal
and the chrominance signal 11 a bandwidth of the multi-
plexed signal exceeds an Ethernet transmission band-
width according to an 1image resolution, and
the digital image receiving device comprises a restoration
umt configured to decompress the compressed lumi-
nance signal and the compressed chrominance signal
which are output by synchronizing lines with each other
based on the synchronization information.
20. The Ethernet-based 1image transmitting/receiving sys-
tem of claim 18, wherein
the digital image transmitting device 1s configured to insert
a line number of the multiplexed signal into the packet,
and
the digital image recerving device 1s configured to store the
luminance signal and the chrominance signal 1n a frame
memory, based on the line number.
21. The Ethernet-based image transmitting/receiving sys-
tem of claim 18, wherein the Ethernet cable 1s a UTP cable.
22. The Fthernet-based image transmitting/recerving sys-
tem of claim 18, wherein the Ethernet cable 1s an optical fiber
cable.
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